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‘Multiple Barriers’ Concept 

Watershed protection 

Filtration 

Disinfection 

Distribution system 
integrity - no cross-
connections to sewer 

Source Waters can vary from 
pristine to diluted sewage 

Consumption 



Things are better – 1900 on 

• Life expectancy has increased by 30+ 
years over the last 100 years. 

• Water treatment, sewerage, safe food -
2/3rds of this increase. Some benefit from 
vaccines and antibiotics. 

• New medicines, intensive care, etc - little 
or no impact on overall lifespan. 

And source water protection 



Rule #1. Keep shit out of your 

drinking water.


(e.g. have good source water)




The Romans partly got it: they had sewerage 



US was a developing country: 
death from diarrhea was common 

> 10% died before 1 year old 



Tunnels carrying upstate clean water to NYC 



Value of Source Water Protection in 1905 

• Typhoid rates 1905: 

Groundwater 
18/100,000 per year 

Flowing Water 
62/100,000 per year 

(now: 0.3/100,000) 
D. Okun, 1999, National Academy of Sciences 



Rule #1. Keep shit out of your 

drinking water.


Rule #2. If you can’t keep shit 

out of your water, kill the 


bacteria in the water.




Filtration and chlorination were 
tied to advances in microbiology 

FRUMPY VICTORIAN PROF. DEADLY BACTERIUM - 1880 



It was 
Cleanliness 

against 
Cholera and 

Yellow Fever 



What did chlorination 
accomplish 1910-1925? 

• Decreased US cholera by 90% 
• Decreased 
• Decreased US leptospirosis by 80% 

(urine of infected rodents) 
• Began chronic exposure to low levels 

of halogenated chemicals in DW. 

US typhoid by 80% 



The Bargain Of A Century Ago 

• The effectiveness of combined filtration and 
chlorination reduced the impetus for source 
water protection. 

• In many cities or towns, cheaper to treat 
water than to secure a protected source; in 
some places, opposite was the case. 

• Now times have changed: Water demand 
has outstripped population growth: water 
was cheap and plentiful – but no more… 



Place 
associated 

with 
exposure 
to a risk 

factor for 
a diseaseclean water in diluted sewage in… 

River Swill 

sewage out 

Utopia city of dysentery 

Who, What, Where, When… the key factors 



Pristine 
water 
supply 

leukemia rate 
1/100,000

leukemia rate 
100/100,000 

leukemia rate 
10/100,000 Pristine 

water 
supply

R. Cloaca 

3 Towns with river 
drinking water.... 

Factories
 + benzene 



• Dilution 
• Degradation 
• Breakdown of compounds, 

biological transformation 

…. These processes are dependent 
upon having sufficient water to 
dilute, time in the environment, 
etc. Is this the case anymore? 



Rule #1. Keep shit out of your drinking 

water.


Rule #2. If you can’t keep shit out of 

your water, kill the bacteria in the 


water.


Rule #3. Never ever ever stop 

killing whatever it is in the water.




Why never 
stop? 

• Walkerton Canada 2000 
• People are still dumping 

their shit into your water. 
• Human pathogens are 

excreted by humans, and 
drinking human shit is a 
great way to get 
exposure to the stuff that 
will make people sick. 



Walkerton 
• E. coli found in town’s 

well water 5-7 times/yr 
• Shallow wells, downhill 

from cattle farms 
• Identified by consulting 

engineer as problem (78); 
ignored by regional gvt. 

• Cycle of excess chlorine 
followed by use of less 
disinfectant when taste 
bad, and faked tests 

• Rare inspections 
• April 2000 – 

chlorinator breaks 
down 



Walkerton Deaths and Illness 

• 7 deaths, 27 
HUS,* 65 
hospitalized 

• 2,321 people sick 
• 42% of the cases 

were unreported 

Hemolytic-uremic syndrome: renal failure, bleeding 





How is the US different from an 

hundred years ago? Or even 


thirty?




Disappearance of the small farm and 
local production; Agribusiness with 
megafarms; large scale pesticide use; 
monoculture; 
production with concentrated wastes, 
plasticulture runoff (Gallagher et al). 

industrial scale meat 





Demographics - Population 
Density and Aging 

• 1900: 76 million in the USA 
• 2000: 275 million (US Census) 
• 1800: 98% of the world rural 
• 2000: 75% of US is urban (crowding) 
• 2000: 6.1 billion people in the world 

2050: 8 to 12 billion people 



Emerging Diseases 

HIV budding from cell 



Not on the horizon 
in 1981 



Characteristics of Emerging Diseases: 

• Resistance to chlorination / disinfection. 
• Resistance to, or no, medical treatment. 
• Zoonotic (animal) as well as human spread. 
• A tiny inoculum can infect anyone. 
• Severe clinical disease sometimes only in 

susceptible subpopulations. 





Cryptosporidium 
• Resistant to chlorination. 
• Present in 95% of surface 

waters (LeChevalier et al) 
1993 Milwaukee outbreak: 

403,000 people sick, 
> 100 deaths, mostly people 

with AIDS, children with 
cancer 



Case-fatality 1-3% -25% 

Most outbreaks with fecally contaminated water 

Severity Increases with Age us 

Pregnant Women, 15

Virus very similar to a swine vir



Ill people are living longer 

Asthma, 
on steroids 

Diabetes 

HIV 
positive 

Rheumatoid arthritis, 
on immunosuppressives 



Who are some of the sensitive? 
• People with AIDS 
• Infants & young children, pregnant women 
• If on chemotherapy / immuno-suppressive 

treatment, on dialysis, have had a transplant 
• The frail, poorly nourished, chronically ill 
• Substandard care, the poor, limited access 
• People with genetic dispositions to specific 

diseases or malignancies. 



Source water protection I 

• Environmentally sound 
• Lowers the cost of water treatment for 

drinking water purposes 
• Lowers exposures to chemicals needed in 

the disinfection process 
• No treatment is perfect or 100% secure; 

adds an extra layer of safety to the drinking 
water supply in case treatment fails 



Source water protection II 

• If you can’t completely or reliably remove 
an emerging pathogen from drinking water 
(e.g. Cryptosporidium) – 

• Then keeping it out of the water is a good 
public health solution – this prevents 
exposure to the pathogen in susceptible as 
well as normal populations. 



Naegleria fowleri 
& Acanthamoeba 

In CSF 

In Brain 

Keratitis 



Rule #1. Keep shit out of your drinking water.

Rule #2. If you can’t keep shit out of 


your water, kill the bacteria in the water.

Rule #3. Never ever ever stop killing 


whatever it is in the water.


Rule # 4. While you kill 

everything under the sun, leave 


absolutely no traces. 




Chlorination byproducts & cancer risk 

• Estimate: 1,000-10,000 
cases of bladder cancer / 
year due to chlorination. 

• More than 50 studies 
suggest a link between 
DBPs and adverse 
reproductive outcomes 

• Reasonable trade-off in 
1900; what about now? 



Rule #1. Keep shit out of your drinking water.

Rule #2. If you can’t keep shit out of your water, kill the bacteria in the water.


Rule #3. Never ever ever stop killing whatever it is 

in the water.


Rule # 4. While you kill everything under the 

sun, leave absolutely no traces.


Rule #5. While doing all of the 
above, figure out how to remove 

naturally occurring and man-made 
minerals and synthetic chemicals. 



Chemicals / Heavy Metals 
• LEAD – plumbism 
• ARSENIC 
• RADON - lung cancer 
• URANIUM - cancers 
• NITRATES - especially for 

pregnant women and children < 
1 year of age 

• MERCURY - poisoning 
• PCBs - cancers, reproductive 
• PESTICIDES - can be a major 

occupational risk for migrant 
and agricultural workers 

• HORMONE analogs… 





Rule #1. Keep shit out of your drinking water. 
Rule #2. If you can’t keep shit out of your water, kill the bacteria in the water. 
Rule #3. Never ever ever stop killing whatever it is in the water.

Rule # 4. While you kill everything under the sun, leave 


absolutely no traces.

Rule #5. While doing all of the above, figure out how to 

remove naturally occurring and man-made minerals and 


synthetic chemicals.


Rule #6. Do this with less water 

and while using sewage (see #1).






Changing world 
demands fresh look 

Changing population 
More chronic illness 
Susceptible populations 
New pathogens 
Less water 
Aging infrastructure 
More concern re: chemicals 



Big Picture: Key Points 
Integration of source water, drinking water, 

and wastewater treatment is inevitable. 
This will increase, not decrease, risk levels. 

• What was good in 1925 won’t cut it in 2025. 
The population is changing, and so is the 
environment. 

• Source water protection is a key element to 
solving the issues before us. Fundamental 
public health protection is at stake. 



Novel Research Information 
Climate Variability – More ‘Extreme Events’ 

Extreme Events = floods, surges…. Source 
waters are contaminated or degraded…. 

Drinking water treatment overwhelmed… 

Increased Risk for the human population 



Cryptosporidium parvum 
-concentrations increase 
~ 50 fold with rainstorms 
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Naumova et al. The Elderly and Waterborne Cryptosporidium Infection: 
Gastroenteritis before and during the 1993 Milwaukee Outbreak. 
Emerging Infectious Diseases 9:418-425 2003 


